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Abstract
It is shown that the critical threshold for percolation of the overlapping
strings exchanged in heavy ion collisions can naturally explain the sharp
strong suppresion of J/ψ shown by the experimental data on central Pb–Pb
collisions, which does not occur in central O–U and S–U collisions.
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The NA50 collaboration ([1]) has reported a strong suppression of J/ψ production
in Pb–Pb central collisions at 158 AGeV/c per nucleon. The suppression is much
stronger than the expected one due to J/ψ absorption corresponding to a cross section
of 6.3 mb, by which the NA38 data for O–U and S–U central collisions ([2, 3]) and the
hadron–nucleus data can be explained. The NA50 data show a clear deviation from the
previous situation ([4]). The J/ψ suppression in peripheral Pb–Pb collisions is similar
to the one corresponding to central S–U collisions, but a sharp enhancement occurs as
the centrality of the Pb–Pb collisions increases.
In this paper we draw attention to the fact that the continuum percolation of colour
strings can naturally describe the sharp difference in the J/ψ suppression at present
energies between O–U, S–U and peripheral Pb–Pb collisions on the one side and central
Pb–Pb collisions on the other side. Predictions for RHIC and LHC energies are given.
The continuum percolation of colour strings takes place when the density of strings
rises above a threshold, which can be calculated on geometrical grounds. In this picture,
the region where several strings fuse can be considered a droplet of a non–thermalized
Quark Gluon Plasma, in which the J/ψ is suppressed as predicted by Matsui and Satz
([5]). Percolation means that these droplets overlap and the Quark Gluon Plasma
domain becomes comparable to the nuclear size.
In many models of hadronic collisions ([6]–[11]), colour strings are exchanged be-
tween projectile and target. The number of strings grows with the energy and with
the number of nucleons of the participant nuclei. When the density of strings becomes
high the string colour fields begin to overlap and eventually individual strings may fuse
([12]–[16]), forming a new string which has a higher colour charge at its ends, corre-
sponding to the summation of the colour charges located at the ends of the original
strings. The new strings break into hadrons according to their higher colour. As a
result, heavy flavour is produced more efficiently and there is a reduction of the total
multiplicity ([13]). Also, as the energy–momenta of the original strings are summed to
obtain the energy–momentum of the resulting string, the fragmentation of the latter
can produce some particles outside the kinematical limits of nucleon–nucleon collisions
if the original strings come from different nucleons ([17, 18]). The fusion of strings has
been incorporated in several Monte Carlo codes. In particular, in the Quark Gluon
String Model (QGSM) it is assumed that strings fuse when their transverse positions
come within a certain interaction area a ([13]). The value of a is determined to repro-
duce Λ rapidity distributions in S–S and S–Ag central collisions at plab= 200 GeV/c
2
and in Pb–Pb central collisions at plab= 158 GeV/c.
Cascade reactions like pi+p→K0Λ, pi0n→K0Λ, pi+Λ→K+p and pΛ→pi+K0 also con-
tribute to the Λ rapidity distribution but their effects are smaller than the ones due to
string fusion, generating uncertainties in the value of a of around 10%. From the value
of a, the radius r of the transverse dimension of the string can be obtained, a = 2pir2
([19]). In our code only fusion of two strings is considered, so the obtained r–value,
r=0.36 fm, is an effective one, somewhat larger than the real transverse radius of the
string. Denoting by Nj the number of strings which fuse into j–fold strings and N
′
2
and reff the number of all fused strings and the effective transverse size of the string,
respectively, we will have
2N
′
2pir
2
eff =
∑
j=2
Njjpir
2, (1)
N
′
2 =
∑
j=2
Nj . (2)
The upper limit of the sum in (1) is determined by the constraint (2). The values
of N
′
2 and r
2
eff were fixed in our calculation by comparing the results of the string
fusion model with the experimental data on Λ production in central S–S collisions at
√
s =19.4 AGeV. Computing Nj in our Monte Carlo code we obtain from (1) the value
r=0.2 fm both for Pb–Pb and S–Ag collisions.
In nucleus–nucleus collisions many strings are exchanged. In impact parameter
space these strings are seen as circles inside the total collision area. As the number
of strings increases, more strings overlap. Several fused strings can be considered as
a domain of a non–thermalized Quark Gluon Plasma. Following the arguments of
Matsui and Satz ([5]) the J/ψ can not be formed inside this domain. Also, the J/ψ
will be destroyed by interaction with these fused strings. Above a critical density of
strings percolation occurs, so that paths of overlapping circles are formed through the
whole collision area. Along these paths the medium behaves like a colour conductor.
The percolation gives rise to the formation of Quark Gluon Plasma on a nuclear scale.
The phenomenon of continuum percolation is well known ([20]). It explains hopping
conduction in doped semiconductors and other important physical processes ([21]). The
percolation threshold ηc is related to the critical density of circles nc by the expression
ηc = pir
2nc. (3)
ηc has been computed using Monte Carlo simulation, direct–connectedness expansion
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and other different methods. All the results are in the range ηc = 1.12 − 1.175 ([22]–
[26]). Taking the above mentioned value of r, these values imply
nc = 8.9− 9.3 strings/fm2. (4)
One may introduce a hard core to model a repulsive interaction between the circles,
or to substitute circles by squares. The percolation threshold ηc is only slightly reduced
in these cases. This enhances the confidence in its value and the application to our
case where we do not know the dynamics of the interaction among strings.
In Table 1 the number of strings exchanged for central p–p, S–S, S–U and Pb–Pb
collisions is shown together with their densities. It is seen that at SPS energies only
the density reached in central Pb–Pb collisions is above the critical density. In Pb–Pb
minimun bias collisions the average number of strings at SPS energies is 227, very
similar to the value for central S–U collisions, so the density is lower than the critical
one.
The J/ψ suppression experimentally observed follows the same pattern. The strong
suppression is only observed in central Pb–Pb collisions. According to Table 1, a strong
J/ψ suppression is also expected in S–U collisions at RHIC energies and in S–S and
S–U collisions at LHC energies.
Recently ([27]) it has been assumed that the produced J/ψ is completely destroyed
whenever the energy density exceeds a certain value and this energy density is taken
proportional to the density of participants. The critical value is chosen to lie between
the density of participants of central S–U collisions and Pb–Pb collisions. With this
choice a good description of the experimental data is obtained. In our model the
density of strings is proportional to the number of collisions, and we obtain similar
quantitative results. However, in our approach the critical value is naturally explained
on geometrical grounds.
In Fig. 1 the distribution of strings fusing into sets of a given number of fused
strings is shown for central S–U collisions at
√
s=19.4 AGeV and
√
s=200 AGeV and
also for central Pb–Pb collisions at
√
s=19.4 AGeV. The first case is below and the
second above the percolation threshold. It is seen that above the percolation threshold
we can obtain many sets with a very high number of fused strings.
Refering to ψ
′
suppression the experimental data reveal the following features ([1],
[28]–[30]):
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1) The ratio ψ
′
/ψ is constant in p–A collisions.
2) ψ
′
/ψ decreases with centrality in S–U collisions. The decrease seems to stop at high
centrality.
3) ψ
′
/ψ is almost the same in central Pb–Pb and S–U collisions.
The first two features of experimental data can be explained by absorption and
interaction with comovers ([31]–[33]). Taking equal absorption cross section σ(J/ψ) =
σ(ψ
′
) ∼ 4.2 mb, the hadron–nucleus behaviour can be explained since no interaction
with the produced particles ([33]) is assumed. In nucleus–nucleus collisions low energy
interactions of J/ψ and ψ
′
with the hadrons produced in the collision break both the
ψ
′
and the J/ψ but the ψ
′
cross section at low energy is much larger than that of J/ψ
(the threshold for breaking the ψ
′
is only 52 MeV and the one for J/ψ is 640 MeV).
This difference in the cross sections may be responsible for the different behaviour of
ψ
′
and J/ψ suppression in central S–U collisions. In our picture this behaviour can be
explained by noting that in S–U central collisions the average distance between strings
is the order of 0.4 fm, larger than the size of J/ψ (0.2 fm) but less than the size of the ψ
′
.
Therefore one expects that ψ
′
interacts with the strings or with the particles produced
by the strings with greater probability than J/ψ. For central Pb–Pb collisions, with
the density above the critical percolation threshold, no additional suppression of ψ
′
relative to J/ψ is expected, in agreement with the data.
Also it is possible that the percolation process takes place among the produced
resonances and particles instead of strings ([34]). The two cases can be distinguished
by studying the behaviour of long range correlations and measuring forward–backward
correlations ([35]).
The percolation of strings can be considered as a smooth way to Quark Gluon
Plasma. Around percolation threshold, strong fluctuations in the number of strings
with a given colour should appear. This will produce large fluctuations in a number
of different observables, like strangeness, in an event by event analysis. Also a large
number of Ω− (confirmed by the experimental data ([36])) and a copious production
of hadronic particles with |xF | much larger than 1, outside the kinematical nucleon–
nucleon limits, may serve as clear signatures. The latter would also distinguish our
picture from the percolation of resonances and particles.
In conclusion we thank A. Capella for useful comments and discussions and the
Comisio´n Interministerial de Ciencia y Tecnolog´ıa (CICYT) of Spain for financial sup-
port under contract AEN96-1673. Also M. A. Braun thanks IBERDROLA and E. G.
5
Ferreiro the Xunta de Galicia for financial support.
References
[1] NA50 Collaboration, M. Gonin, Proceedings of Quark Matter ’96, Eds. P. Braun–
Munzinger et al, to appear in Nucl. Phys. A.
[2] J. Hu¨fner and C. Gerschel, Z. Phys. C56, 171 (1992).
[3] A. Capella, J. Casado, C. Pajares, A. V. Ramallo and J. Tran Thanh Van, Phys.
Lett. B206, 354 (1988); C. Gerschel and J. Hu¨fner, Phys. Lett. B207, 253 (1988);
J. P. Blaizot and J. Y. Ollitrault, Phys. Lett. B199, 499 (1987); A. Capella, C.
Merino, C. Pajares, A. V. Ramallo and J. Tran Thanh Van, Phys. Lett. B243,
144 (1990).
[4] NA38 Collaboration, C. Baglin et al, Phys. Lett. B220, 471 (1989); Phys. Lett.
B272, 449 (1991).
[5] T. Matsui and H. Satz, Phys. Lett. B178, 416 (1986).
[6] B. Andersson, G. Gustafson and B. Nilsson–Almqvist, Nucl. Phys. B281, 289
(1987).
[7] M. Gyulassy, CERN report CERN–TH 4794 (1987).
[8] H. Sorge, H. Sto¨cker and W. Greiner, Nucl. Phys. A498, 567c (1989).
[9] A. Capella, U. P. Sukhatme, C.–I. Tan and J. Tran Thanh Van, Phys. Rep. 236,
225 (1994).
[10] K. Werner, Phys. Rep. 232, 87 (1993).
[11] A. B. Kaidalov and K. A. Martirosyan, Phys. Lett. B117, 247 (1982).
[12] M. A. Braun and C. Pajares, Phys. Lett. B287, 154 (1992).
[13] N. S. Amelin, M. A. Braun and C. Pajares, Phys. Lett. B306, 312 (1993); Z.
Phys. C63, 507 (1994).
[14] H.–J. Mo¨hring, J. Ranft, C. Merino and C. Pajares, Phys. Rev. D47, 4142 (1993);
C. Merino, C. Pajares and J. Ranft, Phys. Lett. B276, 168 (1992).
6
[15] H. Sorge, M. Berenguer, H. Sto¨cker and W. Greiner, Phys. Lett. B289, 6 (1992).
[16] A. Capella, A. B. Kaidalov, A. Kouider Akil, C. Merino and J. Tran Thanh Van,
Z. Phys. C70, 507 (1996).
[17] N. Armesto, M. A. Braun, E. G. Ferreiro, C. Pajares and Yu. M. Shabelski,
Santiago preprint US–FT/6–96, hep–ph/9606333 (1996).
[18] B. Andersson and P. Henning, Nucl. Phys. B355, 82 (1991).
[19] N. Armesto, M. A. Braun, E. G. Ferreiro and C. Pajares, Phys. Lett. B344, 301
(1995).
[20] M. B. Isichenko, Rev. Mod. Phys. 64, 961 (1992).
[21] B. I. Shklovskii and A. L. Efros, Electronic Properties Of Doped Semiconductors,
Springer–Verlag, New York 1984.
[22] G. E. Pike and C. H. Seager, Phys. Rev. B10, 1421 (1974); E. T. Gawlinski and
H. E. Stanley, J. Phys. A10, 205 (1977); S. B. Lee, Phys. Rev. B42, 4877 (1990).
[23] U. Alon, A. Drory and I. Balberg, Phys. Rev. A42, 4634 (1990).
[24] T. Vicsek and J. Kertesz, J. Phys. A14, L31 (1981).
[25] E. T. Gawlinski and S. Redner, J. Phys. A16, 1063 (1983); I. Balberg, Philos.
Mag. B56, 991 (1987).
[26] C. Domb and N. F. Sykes, Phys. Rev. 122, 77 (1960).
[27] J. P. Blaizot and J. I. Ollitrault, SACLAY–DPHT–96–039, hep–ph 9606289 (1996).
[28] NA38 Collaboration, C. Lourenc¸o, preprint CERN PPE–95–72 (1995).
[29] NA38 Collaboration, C. Baglin et al, Phys. Lett. B345, 617 (1995)
[30] E772 Collaboration, D. M. Alde et al, Phys. Rev. Lett. 66, 133 (1991).
[31] S. Gavin and R. Vogt, Nucl. Phys. B345, 104 (1990); S. Gavin, H. Satz, R. L.
Thews and R. Vogt, Z. Phys. C61, 351 (1994); S. Gavin and R. Vogt, preprint
LBL–37980, hep–ph/9606460 (1996).
[32] J. Hu¨fner and B. Z. Kopeliovich, Phys. Rev. Lett. 76, 192 (1996).
7
[33] C.–Y. Wong, Phys. Rev. Lett. 76, 196 (1996).
[34] K. Werner and J. Aichelin, Phys. Lett. B308, 372 (1993); K. Werner, Phys. Rev.
Lett. 73, 1594 (1994).
[35] N. S. Amelin, N. Armesto, M. A. Braun, E. G. Ferreiro and C. Pajares, Phys.
Rev. Lett. 73, 2013 (1994).
[36] WA97 Collaboration, Proceedings of Quark Matter ’96, Eds. P. Braun–Munzinger
et al, to appear in Nucl. Phys. A.
8
Table captions
Table 1. Number of strings (upper numbers) and their densities (fm−2) (lower num-
bers) in central p–p, S–S, S–U and Pb–Pb collisions at SPS, RHIC and LHC energies.
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Figure captions
Figure 1. Percentage of the total number of strings exchanged in the collision which
goes into sets of a given number of fused strings, for central S–U collisions at
√
s=19.4
AGeV (dashed line) and
√
s=200 AGeV (solid line) and for central Pb–Pb collisions
at
√
s=19.4 AGeV (dotted line). The number 10 in the horizontal axis indicates sets
of 10 or more strings.
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Table 1
√
s (AGeV) Collision
p− p S − S S − U Pb− Pb
19.4 4.2 123 268 1145
1.3 3.5 7.6 9.5
200 7.2 215 382 1703
1.6 6.1 10.9 14.4
5500 13.1 380 645 3071
2.0 10.9 18.3 25.6
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